a) Pennsylvania State University
A graduate student (Sacit Cetiner) was recruited for this project and he started working with TOF-NDP project in January 2003. In the beginning, the vacuum chamber was put together and the beam port area at the Breazeale Nuclear Reactor at Penn State was rearranged to accommodate the NDP experimental setup. In the meantime, some offline measurements with several alpha sources were performed to test the integrity and reliability of the overall experimental system. These tests were related to conventional NDP, in which the residual energy of the charged particles is measured. The objective was to reproduce the experimental data collected at Cornell Research Reactor at Ward Center for Nuclear Sciences by Li for his master's thesis. The first on-line experiments were performed in early July 2003. The data had significant noise content and several electrical arrangements were experimented to achieve the best signal-to-noise ratio. In the meantime, the experiments were also repeated with different types of charged particle detectors to achieve the highest quality data. Optimal electrical arrangement and the selection of the right kind of particle detector presented a very good quality data despite the beam quality at the beam port #4 at the Breazeale Nuclear Reactor. The beam port was designed specifically for radiography/radioscopy experiments and therefore had major drawbacks in the required beam quality setting from the NDP experiments' standpoint. The TOF-NDP system involved multichannel plates (MCP) for charged particle and electron detection unlike the conventional NDP systems where usually silicon surface barrier or, as in our case, silicon PIN photodiodes were used. We decided to go with lower quality MCP in the earlier stages of the experimentation, and leave the assembled MCP's purchased from Hamamatsu for ultimate use in the experiments.
Gregory R. Downing, the project consultant, provided us three MCP's in bare forms. We designed and manufactured the assemblies for these bare MCP's and tested them. The 3D
CAD model is shown in Figure 11 . Because of the space and time considerations at the beam port, early TOF-NDP measurements was performed off-line with a test sample that emulates a depth profile of a charged particle emitter. We found that polonium undergoes spontaneous surface deposition with silver. This was used in the early testing of the experimental setup. Once the proper operation of the system was proved, the same experiments were performed with conventional-NDP technique, which is based on energy measurement. The same measurements were repeated with TOF-NDP. For the final sets of measurements we will show the uniqueness of the TOF technique by performing the depth measurement of a device featuring ultra-shallow junction technology.
Specific Contributions for the Advancement of NDP Technique
• number is given in the first tab, followed by the counts vs energy tab, which only applies the proper calibration to channels. Then the region of interest (ROI) is zoomed in and the same previous information is given for that particular energy range. The last tab displays the output of the NDP software execution, concentration vs depth, which is the final product of the NDP analysis provided that a proper standard dose is supplied. Figure 13 . LabVIEW user interface for NDP software
The software is also a part of the development efforts that look into updating the NDP software in order to make it compatible with the new releases of stopping power tables. This effort will be explained in the next item in further detail.
One of the nice things of the LabVIEW integration is the capability of dynamic data processing and display. The spectrum can be exported to NDP-LabVIEW without interrupting the data acquisition and the NDP analysis can be performed in situ. This will allow the experimenter to observe as the data progress during the experiment.
• NDP Software Update Instead of parsing these tables and converting them into the format that the NDP software requires, it is easier to redesign the stream handling of the code to allow for direct access to the data tables. As of now, the latest data table release from
Ziegler is of 2003, and we made the NDP software compatible with this release retrospectively.
•
TOF-NDP Simulation with MATLAB
This simulation provides a methodology for fine tuning the experimental settings and layout rather than finding the correct values by brute-force. Figure 14 displays the first sequence of the simulation. The simulation graphically displays the progression of the ions and electrons based on the electric field applied between the sample and the electro-mesh sieve, and the magnetic field.
There is an optimal arrangement based on these parameters and this optimality can be achieved by running the simulation without having to find it by trial and error.
The simulation also gives the time that passes between the electron strike on the start detector and the ion strike on the stop detector. It was pointed out by Shannon * that any probability is associated a well-defined information content, which should be identified as (minus) its entropy. The algebraic form of this entropy is
* C. E. Shannon, A Mathematical Theory of Communication, Bell System Technical Journal, 27, for a discrete set of probabilities
. It has been shown that this is, apart from the arbitrary base of the logarithm, a unique measure satisfying the axioms one assigns to additive information. In maximum entropy regularization, the following nonlinear function is used as side constraint:
where The process of slowing down of ions in the medium is also a stochastic event, and therefore, according to the statistical theory, it might as well be thought that the process itself has entropy. The solution that has the highest entropy is then the one with the highest information content, and less non-process related data. This is equivalent to do "data fitting" that has the highest entropy.
The number of counts in an NDP spectrum -in general any spectrum-is always a positive quantity. The number of counts vs energy corresponds to the vector MaxEnt algorithm provides an optimal criterion for selecting a positive image when faced with incomplete or noisy data. The MaxEnt choice can be interpreted as the maximally non-committing solution that is consistent with the data. As such, it tends to be less noisy and has fewer artifacts than the conventional methods, thus making it easier to interpret the results.
Summary
In neutron depth profiling, the data is the energy spectrum of the residual energies of charged particles emitted from the sample following the reaction with neutrons. The energy continuum or continua in the spectrum are the result of energy loss of ions as they travel towards the surface of the sample. If the medium in which charged particles move is known a priori then from the stopping power correlations one can find the location at which each particle is originated, which in turn shows the locus of the parent nucleus.
The significance of NDP is the absolute information contained in the energy loss mechanism. There is no need for calibration, as needed in other ion beam analysis techniques such as SIMS, and therefore NDP has been used as the standard technique for calibration.
The testing of the MCP assemblies with defected MCP's provided by Gregory R. Downing is complete. We are now in the process of testing MCP's that will give a standard output at a given supply voltage. The Hamamatsu MCP's that are purchased for this project are also being used for the TOF-NDP measurements. The initial results obtained are satisfactory. The final results will be presented in a PhD dissertation and will be published in refereed journals.
PRESENTATIONS
Several presentation are given related to this project by the PI, Dr. Kenan Ünlü, and his graduate students Zhiqiang Li at Cornell University, and Sacit Cetiner at Pennsylvania Sate University. Some of the presentations are listed below:
